(19)WorIdl„.e,lec.ualPr.p.rtyO,«,„faaUo„ 
intcmauonal Bureau 

(43) International Publication Date 
30 J anuary 2003 (30.01.2003) 

(51) Interoatloaal Patent Classification^: 



wmmmmmMimmM 



(22) WnatioaalFiUngDate: 16 ;u,y 2002(16.07.2002) 

(25) Fifing Lancuage: 

English 

(26) Publication Language: 

Bnglish 




(10) International Publication Number 

WO 03/007826 Al 



(30) Priority Data: 
09/907,022 



17 July 2001 (17.07.2001) US 



(71) Applicant: SDGI HOLDINi^c tiu^ r 
M.^r. Avenue, ^ii^^^^^^ ^^^^^ 
(US). Wilmington. Dfi 19801 

(72) Inventors: BURD, Brian A s^s^tc* i. 

be. 2^. Corcfova. VssoIsS 

2877 Kcaster Circle West o<JL. , ' '^"'> ^-i 

NEEDIIAlVf.D«sty A ™ ^8139 (US> 

land. TN 3S^ %%" ^ Drive. Lak^ 



cz.de.dk dSmec^^c^'^^'^^-cR.cu. 

YU. ZA. ZM, 2W ^ "'^^ ^ VN. 

Ennsian paten. (AM AZb y k?..?x^°* ^ 
ES, FI. FR, GB. GR |£ ff m 3 ^K. HE. 

TO). OAPI paten, (BF.S Sc5 5 ^^.^^ 
OW. MI,. MR. NE. Sli TO iSf ' ^ ^ 



Published; 
— ^"f>i'le>-nalionalsean:h report 



1 



[Cominuedon next page J 



VO 

90 



o 




(57) Abstract: The present * • HL HL 



For two-leitercodesondolherabbreviaeons. refer to the 'Gvid- 
anceNotes on Codes and Abbre^ictions"oppeanng at the begin- 
ning of each regidarissue of the PCT Gazette. 



wo 03/007826 



PCTAJS02/22484 



BACKGROraO) OF THE INVENTION 

.necdtotasys. . j„^^,^^o* tor te^ttag bone «W.B 

«.^le,a«e,e™»sa«edf6,sy«^ ^^^^^^^^^^^ 

is attached after the fasteners are inserted, ine ptes 

these needs, among o&eis. 

SUMMARY OFTOEINVEmiON 

•^.o « rifiTl euide for forming holes through a plate m a 
The present invention provides a drill guiaeior 6 . 

vertebra. The drill guide positions the hone engaging 
slotted hole throughplate. 
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The present invention also provides a bone fixation system that includes a plate 
and a drill guide. The plate inchides at least one slotted hole extending fliereftrough. The 
drill guide is positionable on the plate such ftat a hole drilled through tihe drill guide 
spaces the screw from the ends of the slotted hole. 

The present invention furflicr provides methods for securing a plate to upper and 
lower vertebrae of a spinal column segment The plate is fixed to one of the vertebra. A 
bone engaging fastener engaged to the other vertebra is positioned away firom the ends of a 
slot extending through the plate. The festener can thus accommodate extension and post- 
operative settling of the spinal column segment surgeon selectively applies eiflier a 
compression or distraction load to the spinal column segment with the plate secured to the 
spinal column segment by the bone engaging fastener. 

These and other forms, embodiments, aspects, features, objects of the present 
invention will be apparent from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top perspective view of an anterior plating system according to the 
present invention. 

FIG. 2 is a top perspective view of the anterior plating system of FIG. 1 with the 
bone screws locked in place. 

FIG. 3 is a top perspective view of the anterior plating system of FIG. 1 with bone 
screws translated in a slot of the plate. 

FIGs. 4(a) - 4(f) are top plan views of fixation plates of the present invention 
pro\dded in different sizes and configurations. 

FIGs. 5(a) - 5(f) are top plan views of washers of the present invention provided in 
sizes and configurations corresponding to the plates in FIGs. 5(a) -5(f). 

FIG. 6 is a side elevational view of a bone screw according to one aspect of the 
present invention. 

FIG. 7 is a side elevational ^ew of a locking fastener according to another aspect 

of the present invention. 

FIGs. 8(a) - 80c) are various views and sections of washers accordmg to the 

present invention. 

HG. 9 is a top plan view of a first end of the fixation plate of the present invention. 
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FIG. 10 is a cross-sectional view taken through line 10-10 of FIG. 9. 
FIG. 1 1 is an end elevational view of the plate of FIG. 9. 
FIG. 12 is a top plan view of a second end of flie fixation plate of the preseaat 
invention. 

FIG. 13 is a cross-sectional view taken along line 13-13 of FIG. 12. 

FIG. 14 is an enlarged cross-sectional view taken through line 14-14 of FIG, 12. 

FIG. 1 5 is a top plan view of an intermediate portion of the fixation plate of flie 

present invention. 

FIG. 16 is a cross-sectional view taken through line 16-16 of FIG. 15. 

FIG. 17 is an enlarged cross-sectional view taken througji line 17-17 of FIG. 15. 

FIG. 18 is an enlarged cross-sectional view taken through line 18-18ofFIG. 15. 

FIG. 19a is a partial sectional view of flie anterior plate assembly of flie present 
invention with the screws disposed through the holes at the first end of the plate and 
engaged in a vertebra. 

FIG. 19b is a partial sectional view of the anterior plate assembly of flie present 
invention with the screws disposed through the slots of the plate and engaged in a 
vertebra. 

FIGs. 20(a) - 20(f) illustrate various instruments and steps of a method accorduig 
to another aspect to the present invention. 

FIGs. 21(a) - 21(c) are various perspective views of a compression tool according 
to yet another aspect of the present invention. 

FIGs. 22(a) - 22(b) are side elevational views of flie arms of an alternate 
embodiment compression tool. 

HG. 23 is a side elevational view of a drill guide according to another aspect of the 

present invention. 

FIG. 24 is a top plan view of the drill guide of FIG. 23, 

FIG. 25 is a front elevational view of the driU guide of FIG. 23. 

FIG. 26 is an enlarged front elevational view of a distal portion of the guide 
members forming a portion of the drill guide of FIG. 23. 

FIG. 27 is a medial side elevational view of the distal portion of one of the guide 
members of FIG. 26 looking in the direction of arrows 27-27 of FIG. 26. 



PCTAJS02/22484 

WO 03/007826 



FIG. 29 is a top perspective view oi lac uim b 

located on a spinal column segment. 

naSOisanenlargedbottomperspectiveviewoflheplateanddnllgu 

reference vnll now be «mde to the emo ^^^^,^^3 be understood fliat no 

the invention as illnstratedhere«.arecontemplated as woul 

ddUedinthearttowhichtheinventionrelates cervical 
X i^avina aoDlication iB an antenor approaou w 

V4. P„J«aHy.ft«'«<*"^' v2i.fc»P»i«o'<°P'«*'»*°'*"^°° 



vertebrae. ^ ^i«*i«cr «v<rf^ein 30 includes an 

.^gtog6sw»s, shown in««f<«»«f<«»«-^ ^^ 

ta,,.fen^fo„n.«o»bo««^S»S^» ^^^^^^ 
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Bone engaging fasteners or bone screws 50 are held in plate 3 1 by way of a retainer 
assembly 33 positioned along axis L. The openings of elongated 0ate 31 include a pair of 
holes 34 at first node 36 adjacent a first end of plate 31 . First node 36 is positioned over 
first vertebra VI . Plate 31 also includes a pair of slots 35 at a second node 37 adjacent a 
second end of plate 31. Second node 37 is positioned over second vertebra V2. In some 
forms of plate 31, several intermediate nodes 38 are provided along the length of the plate 
31 between first node 36 and second node 37. Bach intermediate node 38 includes a pair 
of intermediate slots 32 positioned over a corresponding one of the intermediate vertebrae 
V3 and V4. Plating system 30 can be fabricated bom any type of biocompatible material. 

It is preferred that holes 34 are paired with one of the holes of the pair on one side 
of the longitudinal axis L and the other hole of the pair on the opposite side of axis L. 
Slots 32 and 35 ate similarly arranged in pairs. It is also preferred that paired holes 34 are 
identical in shape and size, and are located symmetrically about the axis L. Paired slots 35 
are also identical in shape and size, and are located symmetricaUy about the axis L- The 
paired slots 32 at intermediate nodes 3 8 are also identical in shape and size, and are 
located symmetrically abouttheaxisL. Plate31 includes recesses between each of nodes 
36. 37, 38 to reduce the outer contouring size of the pkte. In addition, the recesses 
beiwein each of the nodes provides an area of reduced material, allowmg additional 
bendingof the plate by the surgeon as may be required by the spinal anatomy. Plate31 

has a length selected by the surgeon with nodes 36, 37, and, if needed, nodes 38 to register 

with the patient vertebrae. 

Plate 31 preferably includes a rounded upper surfece 41 that is m contact wifli the 
softtissuesurromidingthespinewhentheplateisengagedtothespine. Rounded surfece 
41 reduces the amount of traumathatwouldbeexperienoedby the surrounding soft tissue. 

The bottom surfece 42 of plate 31 is preferably configured to contact the vertebral bodies 
ofthespineateachoftheinstrmnentedlevels. In one embodiment, at least a portion of 
bottom surfece 42 can be textured along the length of the plate to enhance its grip on a 
vertebral body. 

Holes 34 include a recess 45 adjacent the top surface of plate 3 1 that allow the 
head of the bone engaging festener, such as bone screw 50. to be countersmdc in plate 3 1 . 
Snnilarly,intermediate slots 32 mctodearecess 46 around each slot 32 adjacent top 
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surface of the plate, and slots 35 include a recess 47 aiound each slot 35 adjacent the top 
surface of the pbte. Piefeiably, slots 35 include a ramp 60 that, as described further 
below, alloAys a dynamic compression load to be appMsi to the spinal column portion upon 
insertion of sracew 50 at second end 43 of slot 35. Recesses 46, 47 also allow the head of 
screw 50 to be countersuiik in plate 3 1 when inserted through a corre^onding one of fee 
slots 32, 35. A groove 39 extends along axis L of plate 31 and intersects wifli each of 
recesses 45, 46, 47 along flie length of groove 39. The end of plate 3 1 at second node 37 
includes a notch 40, which is preferably rounded with a radius R4 centered on axis L (Fig, 
12.) 

Retainer assembly 33 includes a washer 90 having a length that substantially 
conesponds to the length of plate 31. Washer90definesaplurality of apertures 91. Each 
aperture 91 is provided at a body portion 93, 94, 95 that corresponds to vertebral nodes 36, 
37, 38, respectively. A connecting portion 98 extends between and connects body 
portions 93, 94, 95. Each of the apertures 91 has a countersink 92 extending therearound 
adjacent to the top surface of washer 90. As described more folly below, countersink 92 is 
tapered from a first width at the first end of aperture 91 to a second width at the second 
end of aperture 91, the first width being greater than the second width. Locking fasteners, 
shown in the form of screws 85, are positionable, each through a corresponding one of the 
apertures 91, to engage a festener bore 70 (see FIGs. 4(a) - 4(f)) in plate 31 and coupk 
washer 90 to plate 31. 

Consequently, retainer assembly 33 retains screws 50 placed into the vertebral 
bodies at each of the instrumented levels. Washer 90 is translatable from an unlocked 
position (FIG. 1) for bone screw insertion to a locked position (FIG. 2) after screw 
insertion to contact the head of the bone screws inholes 34 and overlap the heads of bone 
screws in slots 32, 35. Preferably, washer 90 does not contact the heads of bone screws in 
slots 32, 35, thus aUowing translation of the.bone screws in the slots. Back-out of the 
bone screws in slots 32, 35 is prevented when fte bone screw backs out from its seated 
position a sufficient amount to contact washer 90. Preferably, washer 90 resides almost 
entirely within groove 39 of plate 31 to mmhnize the overall height of the constract. 

As shown in FIG. 1. retainer assembly 33 is in an unlocked condition with screws 
85 at fee second end of apertures 90. In theurdocked condition, body portions 93, 94, 95 
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of washer 90 do not overlap holes 34 and a portion of slots 32, 35, and enable insertion of 
the bone screws 50 therein. Narrowed portions 98 of washer 90 allow bone screws 50 to 
be placed flirough holes 34 and slots 35 to secure plate 3 1 to the vertebrae VI and V2. If 
desired, the surgeon can also place bone screws 50 in intermediate slots 32 to secure plate 
31 to vertebrae V3 and V4 as deemed necessary. Plate 31 and bone screws 50 preferably 
interface in holes 34 such that rigid fixation of plate 3 1 to the first vertebra VI is achieved. 
Slots 35 are positioned over second vertebra V2, and include a second end 43 and a first 
end 44, As shown in FIG. 1, screw 50 is initially is uiserted at second end 43 of slot 35, 
allowing subsequent translation of screw 50 in slot 35 fi:om second end 43 to first end 44. 
For the purposes of clarity, only a single screw 50 is shown in slot 35; however, it is 
contemplated that bone screws are inserted in both slots 35. Bone screws 50 inserted in 
intermediate slots 32 also translate fi:om the second end 48 to first end 49 (FIG. 15) of slot 
32. 

Once screws 50 are placed through holes 34 and in slots 32 and 35, washer 90 of 
retainer assembly 33 may be translated to its locked condition shown in FIG. 2. In the 
locked condition, body portions 93, 94, 95 of washer 90 retain tiie heads of the inserted 
screws 50 in holes 34 and slots 32, 35 and prevent the screws from backing out of plate 
3 L In order to translate the retainer assembly 33 to its locked condition, locking screw 85 
is threaded into a corresponding fastener bore 70 in plate 31. This downward threading of 
locking screw 85 causes the tapered countersmk 92 of washer 90 to ride along the head of 
locking screw 85 until locking screw 85 contacts the first end of aperture 91. This 
translates washer 90 along axis L to its locked condition, where the washer 90 retains bone 
screws 50 in plate 31. 

Bone screws 50 are allowed to translate withm slots 35 and hxtermediate slots 32 
from the second end of the slots to the first end of the slots while retainer assembly 33 
retains bone screws 50 in plate31 and prevents screw backout. AsshownuiHG. 3, the 
screw positioned m slot 35 has translated firom second end 43 to first end 44. The 
translation of screw 50 is limitedby contact of screw 50 wifli first end 44. The amount of 
translation may also be controlled by providing bone screws in intermediate slots 32. 
Thns, the amount of translation of the spinal column segment can be limited by flie length 
of slots 32, 35. 
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Referring now to FIGs. 4(a) 4(t) and FIGs. 5(a) - 5(f), several embodiments of 
elongated plate 3 1 and washer 90 are depicted. It is understood that the anterior plating 
system 30 according to the present invention can be readily adapted for fixation to several 
vertebrae by modifying the length of plate 3 1 and the number and anangements of holes 
34, second slots 35, and intermediate slots 32. Paired slots 32, 35 and paiied holes 34 at 
each of the vertebrae provide, at a mmimum, for at least two bone screws 50 to be engaged 
mto each respective vertebrae. The placement of two or more screws in each vertebral 
body improves die stability of the constnict It is one object of the present mvention not 
only to provide for multiple screw placements in each vertebral body, but also to provide 
means for retaining the bone screws in plate 3 1 to prevent back out or loosening of the 
screws. The present invention contemplates various specific embodiments for a plate 31 
fliat is provided in lengths that range firom 19 millimeters (hereinafter "mm") to 1 10mm, 
and an overall widfli of about 17.8mm. However, other dimensions for the length and 
width of plate 31 are also contemplated herein. 

The plate 31 of FIGs. 1-3 is sized to span four vertebrae and includes a first node 
36, a second node 37, and two intermediate nodes 38. In FIGs. 4(a) and 5(a), plate 31a 
and washer 90a are sized span two vertebrae. Plate 31a has holes 34a at first node 36a and 
holes 34a at second node 37a. Plate 31a is provided with washer 90a that resides in 
groove 39a and is translatable to retain bone screws in holes 34a. In this embodiment, 
plate 31a provides rigid fixation at each vertebra. A modification of plate 31a is depicted 
nGs. 4(b) and 5(b). The holes at the second vertebral node are replaced with slots 35b at 
second node 37b. A washer 90b resides in groove 39b and is translatable to retain bone 
screws in holes 34b and slots 35b. 

Plate 3Ic and washer 90c of FIGs. 4(c) and 5(c) similarly provide for 
instnmientation at two vertebrae. Plate 30c has a reoess'portion between nodes 36c and 
37c. Washer 90c resides in groove 39c and is translatable to retain lock screws in holes 
34c and slots 35c. It should be noted that the plates of FIGs. 4(a) 4(c) span two 
vertebrae, and preferably do not include notch 40 on the second end of that plate as do the 
plates sized to span three or more vertebrae. 

Plate 31d and washer 90d of FIGs. 4(d) and 5(d) are provided for mstrumentation 
at three vertebrae. Plate 31d has first vertebral node 36d, second vertebral node 37d, and 



wo 03/007826 



PCT/US02/22484 



intermediate node 38d. Washer 90d resides in groove 39d and is translatable to retain 
bone screws in holes 34d and slots 32d, 35d. Plate 31e and washer 90e of FIGs. 4(e) and 
5(e) are provided for instrumentation at five vratebrae. Plate 31 e has first vertebral node 
36e, second vertebral node 37e, and toee intermediate nodes 38e. Washer 90e resides in 
groove 39e and is translatable to retain bone screws in holes 34e and slots 32e,35e. Plate . 
31f and washer 90f of FIGs. 4(i) and 5(f) are provided for instrumentation at six vertebrae. 
Plate 31f has first vertebral node 36f, second vertdjral node 37f, and four intermediate 
nodes 38f. Washer 90f resides in groove 39f and is translatable to retain bone screws in 
holes 34f and sloti 32f, 35f. 

Referring now to FIG. 6, the details of bone engaging fastener or screw 50 are 
shown. Bone screw 50 is preferabty configured for engagement in the cervical spine, and 
mcludes fiireaded shank 51 that is configured to engage a cancelloTis bone of (he vertebral 
body. The threaded diank may be provided with self-tapping flueads, alfliough it is also 
contraiq)Iated thattiie threads can require prior drilling and tapping of Ihe vertebral body 
for insertion of screw 50. It is preferred fliat flie threads on shank 5 1 define a constant 
outer diameter d2 along the lengfli of tiie shank. It is also preferred that shank 51 has a 
root diameter that is tapered along a portion of the length of the shank and increases from 
the tip of shank 51 to a diameter dl at an intermediate or cylindrical portion 52. 

Intermediate portion 52 extendsbetween shank 51 and ahead 54 of screw 50. The 
threads on shank 51 extend into portion 52 by a thread run out 53. According to standard 
machinmg practices, cylindrical portion 52 includes a short segment that does not bear any 
threads. This segment of cylindrical portion 52 interfaces or contacts with a plate 
thickness at hole 34 or slot 32, 35 through which bone screw 50 extends. This short 
segment has an outer diameter dl. The bead 54 of screw 50 includes a tool recess 55 
configured to receive a driving tool. In one specific embodiment, tool recess 55 is a hex 
recess, or in the alternative, any type of drive recess as would occm: to those skilled in flie 
art Head 54 includes a truncated or flattened top surface 56 having a diameter d4. A 
spherical surfece 57 extends from cylindrical portion 52 to a shoulder 59. Shoulder 
portion 59 has a diameter d5. An inclined surfiice 58 extends between shoulder 59 and 
truncated top surface 56. Inclined surface 58 forms an angle A, with top surfiice 56. 
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It is contemplated that screw 50 may be provided with shank 51 having a length 
that varies from about 10mm to about 24mm. In one specific embodiment of screw 50, 
the threads have diameter d2 of about 4.5mm. In another specific embodiment, the 
diameter d2 is about 4.0mm. In both specific embodiments, cylindrical portion 52 has a 
diameter dl of about 4.05mm. Cylindrical portion 52 has an unflireaded segment with a 
height hi that is determined by standard machining practices for thread run-out between a 
shank and screw head. Height hi and diameter dl of cylindrical portion 52 ate sized to 
achieve a snug fit between screw 50 and plate 31 in hole 34 or slot 32, 35 fliiougji which 
screw 50 is placed. Head 54 is provided wifli height h2, outer diameter d5 at shoulder 59, 
diameter d4 at top surface 56. and inclined sutface 54 angle A| such tiiat flie head 54 is 
nested within its corresponding slot 32, 35 or hole 34 and recessed helcw the Usp surface 
of the plate. Alfliough reference has been made to specific dimenaons in fcis ^ific 
embodiment, it should be undeistood that the present invention also contemplates other 
dimensions and configurations for screw 50. It should also be understood tijat bone 
screws used to secure plate 3 1 can each have a different length and diameters associated 
therewifli, and need not correspond exactty to the oflietbone engaging fasteners used in 
tiie construct 

The details of lockmg screw 85 are provided in nO. 7. Locking screw 85 includes 
a shank 86 having machme threads flieieon. In one specific embodiment, locking screw 
85 terminates in a sharp point 88 that permits penetration mto the vertebral body when 
locking screw 85 is secured in threaded festsner bore 70. Head 87 includes a lower 
conical surfece 89 configured to mate with aperture 91 of washer 90. Head 87 fiirtiier 
includes a tool recess 87a for receiving a driving tool therein. 

Further details and embodiments of washer 90 of retainer assembly 33 are 
provided in FIGs. 8(a) - 80c). Washer 90 includes second body portion 95, first body 
portion 93, and if necessary, one or more intermediate body portions 94. A connecting 
portion 98 extends between and connects each of the body portions 93, 94, 95. Washer 90 
has a top surface 100a and a bottom surface 100b. Each body portion 94, 95 defines an 
aperture 91 extending between top surface 100a and bottom snrEace 100b. Aperture 91 
has a tapered countersink portion 92 therearound adjacent top suifiice 100b. Aperture 91 
allows passage of shank 86 of locking screw 85 Ihereftrough, and countersink 92 is 
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preferably configured to mate wifli conical surfece 89 and seat locking screw 85 at varioxis 
positions along the length of aperture 91 . Preferably, countasink portion 92 is sloped 
toward bottom surface 100b fiom second end 97 to first end 96. The mating conical 
features between locking screw 85 and aperture 91 provide a self-translating capability for 
washer 90 relative to plate 31 as locking screw 85 is tightraied into &5tener bore 70 of 
plate 31. 

Body portioM 93, 94, 95 have a width Wl that is greater than a widfli W2 of 
connecting portion 98. The wdfli Wl and length of body portions 93, 94, 95 are 
configured so that the body portions overlap with recess 45 of holes 34 and recesses 46, 47 
of slots 32, 35. The body portions 93, 94, 95 retain the heads of bone screws extending 
through the holes and slots of plate 3 1 when washer 90 resides in groove 39 and is in the 
locked condition of FIG. 2. The wid& W2 and the length of the connecting portions 98 
are configured to allow insertion of screws in holes 34 and slots 32, 35 when washer 90 is 
in flie unlocked condition of FIG. 1. 

In FIGs. 8(a) and 8(b) there is shown second body portion 95 of washer 90. 
Aperture 91 has countersink portion 92 that is tapered along the length of aperture 91. 
Aperture 91 hasawidthW3 at bottom surface 100b of washer 90. Countersink portion 92 
has a width that varies along the length of aperture 91 and is greater flian vndth W3. 
Countersink portion 92 has a radius Rl at second end 97 and a radius R2 at first end 96 at 
top surface 100a. It is preferred that Rl is less than R2 and the width of countersink 
portion 92 increases firom second end 97 towards first end 96. Aperture 91 has a chord 
lengfliSl extendmgbetweenthecenterofradiusRlandfliecenterofradiusR2. Body 
portion 95 fiirther inchides a transition portion 99 that extends between connecting portion 
98 and body portion 95. 

Intermediate body portion 94 of FIGs. 8(c) and 8(d) is similar in many respects to 
second body portion 95 of FIGs. 8(a) and m, «^ also mcludes an aperture 91 havmg a 
tapered countersink portion 92. However, intermediate body portion 94 has a connecting 
portion 98 extendir^ inbotii directions tiierefrom. A second transition portion 98a 
extends between second connecting portion 98 and body portion 94. Body portion 94 has 
a chord lengfli SI between the center of radius Rl and ibe center of radius R2. 
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Tapered countersink 92 of aperture 91 provides a self-translating capabiUty of the 
washer 90. This is because the washer 90 is translated relative to plate 31 as the locking 
screw 85 is threaded into threaded bore 70. The camming conical surface 89 of screw 85 
advances downward along the tapered portion of the wall of countersink portion 92 of 
aperture 91. 

FIGs. 8(e) and 8(f) show first body portion 93. First body portion 93 is also 
similar to second body portion 95. However, in one embodiment, first body portion 93 
includes an aperture 91 ' having a countersink portion 92' that is not tapered along its 
length to provide a self-translating capability for washer 90 like the countersink portions 
92 of body portions 94 and 95. Rather, after washer 90 is translated relative to plate 31 as 
described above, locking screw 85 will akeady be positioned at first end 96'. and may 
thereafter be threaded into bore 70 and seated within countersink portion 92*. 
Alternatively, the surgeon may slide the washer by hand or with a tool to its translated 
position, and lock the washer in its translated position by seating locking screw 85 into 
countersink 92' atfirstend 96'. Countersink 92' has a definite location at second end 96' 
for seating locking screw 85, providing a reference for the surgeon to confirm feat washer 
90 has been translated to its locked position. It should be understood, however, thatitis 
also contemplated herein that body portion 93 could also be provided with aperture 9 1 like 
body portions 94 and 95 as shown in FIGs. 1-3. 

Referring now to FIG. 8(g). a cioss-sectioml view of washer 90 is provided 
throughaperture91 ofbodyportion94.95. Washer 90 has an outer surfece 104 
configured to overlap bone screws 50 in slots 32. 35 without contacting inclined surfece 
58ofscrews50whenretainerassembly33isinitslockedcondition. Outer surface 104 
extends from bottom surfece 100b to a shoulder 103. Shoulder 103 «tends between 
inclined surface 104 and top surfiice 100a. Inclined surface 104 forms an angle Az with 
respectto bottom surfece 100b. Washer 90 defines a thickness tl between top surface 
100a and bottom surfece 1 00b. and a shoulder height of t2 firom bottom surfece 100b. 
Washer 90 has a width W7 along bottom surface 100b at aperture 91. 

Referring now to FIG. 8(h). a cross-sectional view of washer 90 is provided 
Ihrough aperture 91 or 91' of body portion 93. Washer 90 has contact surface 106 
configured to contact incUned surfece 58 of screws 50 when retainer assembly 33 is in its 
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locked condition. Contact surface 106 extends from bottom surface 100b to a shoulder 
105. Shoulder 105 extends between contact suifece 106 and top surface 100a. Contact 
surface 106 foims an angle Aj with respect to bottom surface 100b fliat is configured to 
mate with and provide surface contact with inclined surface 58 of bone screw 50. Washer 
90 defines a thickness t3 between top surface 100a and bottom surfece lOOb, and a 
shoulder height of t4 fiom bottom surface 100b. 

In one specific embodiment of the washer 90. the body portions have a width Wl 
and connecting portion have width W2 that is based on the spacing between the 
centerltnes of the paired slots and holes of the plates and the overall width of the plate. 
The width W3 of aperture 91 in the specific embodiment is sized to accommodate the 
shank 86 of locking screw 85 without head 87 passing therethrough. Tbe length of body 
portions 94 and 95 varies based on the length and spacing between slots 32, 35 and holes 
34 mplate 31. Preferably, the body portions 94, 95 have a length sufficient to overlap 
substantially the entire length of slot 32, 35 when retainer assembly 33 is in its locked 
position. The tapered countersink portion 92 of aperture 91 has radius Rl that transitions 
to radius E2 along the chord length S 1 . Thickness tl is less flian thickness t3, and 
shoulder height t4 is less than shoulder height t2. Body portion 93 has a width W8 along 
bottom surface 100b that is greater than width W7 of body portions 94, 95. Angle Ajis 
preferably less that angle Al . The dimensions of washer 90 are preferably arranged so 
that body portions 94. 95 do not contact the screw heads nested in slots 32. 35 to fecditate 
translation of the screws in slots 32, 35. Body portion 93 contacts the screw heads nested 
in holes 34 to further enhance flie fixed orientation between screws 50 and plate 31 m 
holes 34. Although reference has been made to Oie dimensional attributes of this specific 
embodiment, it should be understood that ftepn«ent invention also contemplates other 

orientations and dimensional relationships for wa^er 90. 

Thepresent invention also contemplatesarelainer assembly in which individual 

v^shersareprovided at eachnodefotretainingscrewsinholes 34 and slots 32,35 ofplate 
31 ReferringnowtoHGs. 8Ci)and8G).aslotwasher 195andaholewasherl93are 
provided. Slotwasherl95issimilartobodyportion95ofwasher90andholewasberl93 
is shnilat to body portion 93 of washer 90. both of which are described above. Elements 
that are alike bear the same reference nmriber as flie corresponding element of body 
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portions 95, 93. Slot washer 195 and hole washer 193 do not have a connectmg portion 98 
extending to another washer. Slot washer 195 has a body portion 198 with a length S2 
that varies and is sized to coixespond to the length of the adjacent slot 32» 35 when 
washers 1 95 are positioned on plate 3 1 . Slot washer 195 does not have a connecting 
portion 98 extending to another washer. Hole washer 193 has a body portion 199 with a 
length S3 that varies and is sized to correspond to the length of the plate adjacent hole 34 
when washer is positioned on plate 3 1 . 

In FIG. 8(k) an alternate embodiment of washers 193 and 195 is provided and 
designated at 193*, 195' respectively. Washers 193*, 195* are flie same as washers 193, 
195 described above, except for aperture 191. Aperture 191 does not have a tapered 
countersink, but rather has a semi-circular countersink portion 192 only at first end 196. 
Countersink portion 192 provides a single position for locking screw 85 to lock the washer 
193\ 195' to plate 31 after the washer 193', 195' has been translated relative to plate 31 
by the surgeon. Washers 193', 195' have body portion 198',199' with length S4 that 
varies as described above with respect to length S2 and S3. 

Referring now to FIGs. 9-1 8, further details of plate 3 1 will be discussed with 
reference to illustrations of first node 36, second node 37, and intermediate node 38. In 
FIGs. 9-11, first node 36 of plate 3 1 is depicted. It is preferred that holes 34 are identical 
and symmetrical about axis L. Hole 34 includes recess 45 adjacent top surface 41 . Holes 
34 include a cylindrical bore 77 having generally vertical sidewalls adjacent bottom 
surface 42. Cylindrical bore 77 extends between recess 45 and bottom sui&ce 42 of plate 
3 1 , and has a diameter Dl . Cylindrical bore 77 has axis 72b that is o£&et at angle A5 from 
an axis 72a that extends normal to plate 3 1 as shown in FIG. 10. Recess 45 has a partial 
spherical portion 45a defined about a central axis 72b. Axis 72b is of&et Sxm axis 72a by 
angle A5. Offset angle As directs bone screws inserted into holes 34 toward the jSrst end 
of plate 3 1 . Furthermore, as shown in FIG. 1 1, axes 72a converge below the bottom 
surface 42 of plate 31 at angle A4 with respect to an axis 72c that extends along the 
centerline of plate 3 1 perpendicular to axis L. Recess 45 intersects groove 39 at 
intersecting portion 45c, Spherical portion 45a is configured to mate with q)herical 
surface 57 of bone screw 50, allowing at least a portion of head 54 to be recessed below 
top surface 41 of plate 31. 
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To facilitate insertion of drill guides, drills and fbs bone screws 50, recess 45 also 
includes a flared portion 4Sb that extends in a superior direction from axis 72b. la one 
embodimrait, recess 45 includes a wall that parallels bore 77 and extends between between 
spherical portion 45a and flared portion 45b to further fecilitate insertion and maintenance 
of a drill guide in recess 45. 

In one specific embodiment, spherical portion 45a has a diameter that mates with 
the diameter of spherical surface 57 of screw 50, and is slightly larger than diameter d5 of 
head 54 of bone screw 50. The cylindrical bore 77 of hole 34 has a diameter Dl of 
4.1mm, which is slightly larger than the diameter dl of intermediate portion 52 of screw 
50. This portion of the screw contacts bore 77 and assumes a j5xed orientation with 
respect to plate 31 . In this specific embodiment, offset angle As is about 12.6 degrees and 
convergence angle A4 is about 6 degrees relative to axis 72c. Although reference has been 
made to the dimensional attributes of this specific embodiment, it should be understood 
that flie present invention also contemplates other dimensions. 

Referring now to FIGs. 12-14, second vertebral node 37 is depicted. Vertebral 
node 37 includes slots 35 that are preferably identical and symmetrical about axis L. Slot 
35 includes slotted bore 78 adjacent bottom surface 42 of plate 31 having generaHy 
vertical sidewalk extending between second end 43 and first end 44. Slotted bore 78 
extends between bottom surface 42 and recess 47 adjacent top surfece 42. Boie 78 has a 
vridfh W5 and a chord length S4, and has a central axis 75b extending through plate 31. 
Recess 47 has a spherical portion 47a about central axis 75b ftat extends around slot 35. 
As shown in HG. 13, central axis 75b is offeet fiom axis 75a that extends normal to plate 
31 by angle Aj. Offeet angle Aj directs bone screws inserted into slot 35 towards the 
second end of plate 31. It should be noted that slot 35 allows insertion of a bone screw at 
angles less than As in slot 35. and bone screw 50 may be positioned within slot 35 at any 
location between ends 43 and 44. However, retaining assembly 33 provides for insertion 
of bone screws 50 at second 43 as would be clinically desirable for settKng. Furthermore, 
as shown in FIG. 14, axes 75b converge below ftie bottom surfece 42 of plate 31 at angle 
A4 with req)ect to axis 72c. 

Spherical portion 47a is configured to mate with spherical surface 57 of bone 
screw 50, allowmg at least a portion of head 54 to be recessed below top surface 41 of 



wo 03/007826 



PCTAJS02/22484 



16 

plate 31. To fecilitate insertion of drill guides, drills and the bone screws 50, recess 47 
also includes a flared portion 47b that extends around spherical portion 47a. Jn one 
embodiment, it is contemplated tiiat recess 47 include a wall that parallels bore 78 
extending between spherical portion 47a and flared portion 47b to further facilitate 
maintenance and insertion of a drill guide in recess 47. Recess 47 intersects groove 39 at 
overlap portion 47c, as shown in FIG. 14. Hie second end of second node 37 includes 
notch 40 having radius R4 centered about axis L. It is also contemplated herein that plate 
31 is provided without notch 40, as shown in FIGs. 4(a) • 4(c). 

In a preferred embodiment, slot 35 mcludes ramp 60 extending between bore 78 
and flared portion 47b at second end 43. Ramp 60 is not configured to allow spherical 
surfiice 57 of screw 50 to seat therein, but has an orientation that causes second end 43 of 
slot 35 and screw 50 to separate as screw 50 is threaded into slot 35. Spherical surface 57 
of head 54 provides camming action along the ramp 60 until head 54 seats in recess 47 at a 
position spaced a distance from second end 43. This camming action applies a dynamic 
compression load to the spinal column portion. The amount of compression applied to the 
spinal column portion is controlled by the length of ramp 60 from second 43 to the 
position in slot 35 where screw 50 seats in recess 47. It should be understood that slot 35 
may also be provided without ramp 60. 

In one specific embodiment, spherical portion 47a has a diameter sized to mate 
with spherical surface 57 of screw 50, and is slightly larger than diametM d5 pf head 54 of 
bone screw 50. Slotted bore 78 has a width W5 of about 4. 1mm, which is slightly larger 
than the diameter dl of mtermediate portion 52 of screw 50. The cylindrical portion 52 of 
bone screw 50 contacts plate 3 1 in bore 78 and prevents rotation of screw 50 transverse to 
axis 72c. The chord length S4 varies depending upon the lengfli of the slot 35 needed for 
the particular application of plate 31 and patient anatomy. In this specific embodiment 
oflfeet angle A5 is about 12.6 degrees and convergence angle A4 is about 6 degrees relative 
to an axis 72c. Although reference has been made to the dimensional attributes of this 
specific embodiment, it should be understood that the present invention also contemplates 
other dimensions. 

Referring now to FIGs. 15-17, various views of intermediate node 38 are depicted. 
Vertebral node 38 includes slots 32 that are preferably identical and symmetrical about 
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axis L. Slot 32 includes slotted bore 79 adjacent bottom sniface 42 of plate 31 having 
generally vertical sidewalls extending between a second end 48 and a first end 49. Slotted 
bore 79 extends between bottom sur&ce 42 and recess 46 adjacent top surface 42. Bore 
79 has a width WS and a chord lengdi 85, and has a central axis 76a extending through 
plate 3 1 . Recess 46 has a spherical portion 46a lliat extends around slot 35. As shown in 
FIG. 16, central axis 76a generally extends normal to plate 31. However, as shown in 
FIG. 17, the axes 76a converge below the bottom surface 42 of plate 31 at angle A4 with 
respect to axis 72c. It should be noted that slot 32 allows insertion of bone screws 50 at 
various angles with respect to axis 76a. 

Spherical portion 46a is configured to mate wifli spherical surface 57 of bone 
screw 50, allowing at least a portion of head 54 to be recessed below top surface 41 of 
plate 31. To facilitate insertion of drill guides, drills and bone screws 50, recess 46 also 
includes a flared portion 46b that extends around spherical portion 46a. In one 
embodiment, a wall paralleling bore 79 extends between spherical portion 46a and flared 
portion 46b to finther facilitate insertion and maintenance of a drill guide in recess 46. 
Screw 50 may be placed within intermediate slot 32 between ends 48 and 49. However, it 
is preferred that the screw is inserted initially at second end 48, thus allowing compression 
loading of the spinal column segment. Recess 46 intersects groove 39 at overlap portion 
46c, as shown in FIG. 17. 

In one specific embodiment, spherical portion 46a has a diameter sized to mate 
with spherical surface 57 of screw 50, and is slightly larger than diameter d5 of head 54 of 
bone screw 50. The slotted bore 79 has a width W5 of about 4, 1mm, which is slightly 
larger than the diameter dl of intermediate portion 52 of screw 50. Cylindrical portion 52 
of bone screw 50 interfaces with plate 3 1 in bore 79 such that angular adjustment of screw 
50 transverse to axis 72c is prevented. The chord length S5 varies depending upon the 
length of slot 35 needed for fiie particular application of plate 31 and patient anatomy. In 
this specific embodiment, convergence angle A4 is about 6 degrees relative to an axis 72c. 
Although reference has been made to the dimensional attributes of this specific 
embodiment it should be understood that the present invention also contemplates oflier 
dimensions. 
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Referring now to FIG. 18» a cross-sectional view of plate 31 is provided through 
line 18-18 of FIG. 15. Groove 39 has a width W6 at top surface 41 of plate 31. Groove 
39 has bottom surface 73 extending between inclmed sidewalls 74. Sidewalk 74 extend 
between bottom surface 73 of groove 39 and top surface 41 of plate 31. It is contemplated 
that the groove 39 has a depth sufficient to accommodate the washer 90 so as to minimize 
protrusion of washer 90 above top surface 41 of plate 3 1 . 

To accommodate the anterior application of the fixation plate assembly 30, the 
plate is curved in two degrees of freedom. Specifically, the bottom surface 42 of the plate 
can be curved along a large radius R, centered in a vertebral plane containing central axis 
L, as shown schematically in FIG. 16, to accommodate the lordotic curvature of the 
cervical spine. In addition, bottom surface 42 forms a medial/lateral curvature C, as 
shown in FIG. 18, to correspond to the curvature of the vertebral body. It is understood 
that plate 3 1 can also be bent as needed to accommodate the particular spinal anatomy and 
vertebral pathology. 

Referring now to FIG. 19a, a partial sectional view of fixation plate assembly 30 at 
holes 34 is provided with screws 50 engaged to vertebra VI and retainer assembly 33 in 
the locked position. A pair of screws 50 are disposed within the respective holes 34 so 
that the threaded shanks 51 project beyond the lower surface 42 of plate 31 into flie 
vertebral body VI . The intermediate portion 52 of screw 50 extends through the bore 77 
of the hole 34. Spherical surfece 57 of head 54 contacts recess 45 of hole 34 when screw 
50 is seated therein. The intennediate portion 52 provides a snug fit for screw 50 in the 
bore 77 so that screw 50 is not able to pivot with respect to plate 31. 

Referring to FIG. 19b, a partial sectional view of fixation plate assembly 30 at slots 
32 or 35 is provided with screws 50 engaged to vertebra VI and retainer assembly 33 in 
the locked position. A pair of screws 50 are disposed within respective slots 32, 35 so ttiat 
flneaded shanks 51 project beyond lower surface 42 of plate 31 into the corresponding 
vertebral body V2, V3, or V4, Cylindrical portion 52 of screw 50 extends through bores 
78, 79 of slots 35 and 32, respectively. Spherical surface 57 of head 54 contacts recesses 
46, 47 of slots 32, 35 when screw 50 is seated thereia Cylindrical portion 52 provides a 
snug fit for screw 50 in bores 78, 79 so that screw 50 is not able to pivot or translate with 
respect to axis 72c of plate 31. Of course, screws 50 inserted into slots 32 or 35 are able to 
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translate along the lengfli of slots 32. 35 as described above. It should be understood that 
the present invention also contemplates various embodiments of plate 3 1 that use variable 
angle screws capable of assuming universal angular orientation with respect to plate 31 in 

slots 32, 35 and holes 34. 

In order to ensure screws 50 are retained within plate 31, retainer assembly 33 is 
moved to its locked position where it contacts the heads 54 of bone screws 50 in holes 34. 
Locking screw 85 is threaded into threaded festener bore 70 of plate 31 to translate washer 
90 from its unlocked position to its locked position, as described above, and to draw 
contact surface 106 into contact with inchned surface 58 of screw 50 as shown in FIG. 
19a. Contact surface 106 preferably applies a downward force onto head 54 to firmly seat 
the screw heads within (he plate recesses and further fix screw 50 in hole 34. in a 
preferred embodiment, this downward force is exacted by washer 90 as surface 106 
contacts inclined surface 58. As shown in FIG. 19b, outer surfece 104 of washer 90 does 
not contact the heads of bone screws 50 in slots 32, 25. Outer surfece 104 overlaps the 
bone screws 50 to retain bone screws in slots 32. 35. Outer surfece 104 will contact the 
heads of the bone screws if the bone screws backout from slots 32, 35. It is preferred that 
bottom surface 100b of washer 90 does not contact bottom surfece 73 of groove 39. 

In a firrther aspect of the invention, the retainer assembly 33 may be loosely fixed 
on plate 3 1 so the surgeon need not fiddle with applying retainer assembly 33 to plate 31 
during surgical procedures. The locking festeners 85 are pre-inserted through apertures 91 
of washer 90 and partially threaded into fastener bores 70. Washer 90 is initially 
positioned such that the second end of each aperture 91 is positioned adjacent locking 
screw 85. After positioning screws 50 through fee holes and slots of plate 31, lockmg 
festeners 85 are advanced further into bores 70 and along tapered portions 92 of apertures 
91 to translate washer 90 to a locked condition and retain bone screws 50 m plate 3 1 . 

As previously mentioned, sharp pohrt 88 of locking screw 85 is preferably 
configured to penetrate the cortical bone. In one embodiment, sharp point 88 will 
penetrate flie vertebra whenplate31 is initially positioned on the bone. In this instance, 
locking screw 85 helps locate and temporarily stabilize the plate on the vertebra as the 
bone screws 50 are engaged to fee vertebra. This temporary location feature.provided by 
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locking screw 85 can also be used to maintain the position of plate 31 on the vertebra as a 
drill guide is used to driU and tap the vertebrae to receive bone screws 50. 

According to another aspect of the invention, there are provided instraments and 
techniques for securing plate 31 to vertebrae of a spinal colunm segment and for applying 
a compression load to a graft or implant placed in the spinal column segment. Referring to 
FIGs. 20(a) -20(f), a guide 150 includes a handle 152, a template 154, and arm 153 
extending therebetween. Prefetably, ann 1 53 extends outward from the spine and is bent 
so that handle 152 parallels the spine, positioning handle 152outoftheway ofthe 
surgeon. Temphte 154 includes a second end 155 that defines a notch 158. Template 154 
also includes first end 156 having a projection 1 56a extending downward therefrom 
1owardsvertebralbodyV2. Template 154 further defines a pair of slots 157 between 

second end 159 and first end 156. 

The surgeon selects a guide 150 with a template 154 sized to positionnotch 158 at 
the desired location on vertebra V2 and places guide instrument 1 50 on vertebral body V2. 
Notch 1 58 is located on vertebra V2 by placing projection 1 56a in abutting contact with 
the endplate of vertebra V2 in disc space D. Slots 1 57 provide a visual mdication to the 
surgeon of the range of positions available for screw insertion into the vertebral body 
through slots 35 of plate 31. If desired, the surgeon can obtam a desired position or 
location of notch 1 58 and the desired available range of bone screw positions on vertebra 

V2 by selecting a guide having a different sized template 1 54. 

Referring now to nG.20(b). after the notch is inthedesiredpositionon vertebra 

V2 acompressionpin nOisplacedinto vertebra V2guidedbyno1ch 158. Pinl70 
includes alower end 171 having a toeaded portion (not shown) for attaching pin 170 to 
vertebra V2. The attachment portion is preferably toeaded to screw into vertebra V2. but 
may al^obe smooth withaspiT^dtipforinsertionintofte vertebra. PinnO also inc^^^^^ 

toolengagementportionrntofecihtateinstallationofpin 170 to the vertebral body. Itis 
also contemplated that the surgeon canplacepinnOonthevertebralbody spaced away 

from notch 158 if desired and the vertebral anatomy so allows. 

After pin 170 is engaged to vertebra V2, guide 1 50 is removed and a sleeve 1 80 is 
placedoverpml70asshownmFIG.20(c). Sleevel80hasahollowbody 181 extending 
between a first end 186 adjacent vertebra VI and a second end 184. 
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A second end 174 of pin 170 preferably extends ftom second end 184 of sleeve 180. 
aUowingaccesstopkl70.Sleevel80mcludesenlargedpoxtionl84tofacilita^^ 
placen.entandre.ovalofsleevel80.Itisconternplatedthats,eevel80has^^^^^^^ 
Lerioxandanintenu^lconfiguntion that provides secure attachment to pm^ 

181 includes cylindrical outer surface 182 with an outer diameter d6. 

With sleeve 180 in its proper position, plate 3 1 is positioned wilh notch 40 m 
abuttingcontactwithoutersurfacel82ofsleevel80.asshowninFIG.20(d). The 
~d6ofsleevel80slighUylessd.anthetwice«.eradiusofnotch40soMtn^^^^ 

AOisnested around sleeve 180. Plate31 is then secured to vertebra VI by insertng 

screws 50 through holes 34. j4W«n™n170as 
With plate 31 secured to the vertebra VI. sleeve 180 rs removed ftompm 170 as 
shown inFIG.20(e).formingagapl77betweenpinl70andnotcb40.1naprefe^ 
:rdiment.itiscontemplated.atgapl77isahout2rnm.However.o«^^ 
n7arecontemplatedhereinbasedonthedesiredcompressiontobeapphed. 

ReferringnowtoFIG.20(f).acompre^ontool290issecuredtopurl70andto 

.ots32ofplate31.1tisalsoconte.plated«.tthecompressiontoolc^^^^ 
plateSl otherthanatslots32byJorexample.engagingtbesrdesofplate3^ 

• t..1290hasafirstarm291wifliafirstfoot294connectedtopml70. 
Compression tool 290 Has a nisi aim „e oot ^ytendinc 
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three or more vertebra. However, utaization of a compression tool configured to engage a 
plate for providing instrumentation at two vertebrae is not precluded. 

Referring now to HGs. 21(a) - 21(c),- further details of compression tool 290 are 
provided. Tool 290 has first arm 291 having first foot 294 extending thereftom. First foot 

294 defines recess 293 for receiving the pin 170. Second arm 292 has second foot 296 
extending therefrom. Second foot 296 includes extensions 297 extending downward 
tbereftomconfig«i«dtoengageintermediateslots32ofplate31. Extensions 297 
preferably include recesses 307 that are configured contact the second ends of 
intermediate slots 32. It is also contemplated that extensions 297 have a curved bottom 
surface 308 that corresponds to the medial lateral curvature of the vertebral bodies. 

First arm 291 has a reduced thickness portion 299 extending through a passage 

295 formed in second aim 292, and is pivotally coupled to second arm 292 with pin 299. 
Fir^ arm 291 has curved handle portion 306 having a projection 303 extending tiiereftom. 
Second arm 292 has a handle 305. A ratchet bar 301 is pivotally coupled to second aim 
292 via coupling 302. Preferably, ratchet bar 301 is spring-biased towards projection 303. 
Serrations 304 formed on the bottom side of ratchet mechanism 301 provide for selective 
engagement with projection 303 on first arm 291 . 

The furst and second arms are compressed towarfs one another to apply the 
compressive load to the vertebral segment Projection 303 engages fee serrated bottom of 
ratchet bar 301 to prevent relaxation of the arms and allows the surgeon to mamtamfhe 

compression load during insertion of bone screws 50 within slots 35. Ratchet bar 301 may 
be lifted against its spring bias away from ami 291 to disengs^e ratchet bar 301 from 
projection 303. Anns 291 , 292 may then be moved away from one another to release 

compression tool 290 from pin 170 and plate 31. 

While compression tool 290 hasbeeainustrated and descriTjedrndetailtiiepres^^ 

invention also contemplates otiier tools capable of being secured between pm 170 and 
plate 3 1 to provide a compression load to ti« spinal column segment For example, 
referringnow tones. 22(a)and 22(b), itis contemplated tiiatacompressiontoolmay 

include one or more angular modifications to first arm 3 9 1 and second ami 3 92 to 
Mtate access toplate31andpml70 at the surgical site. First amx391hasalower 
portion39laforming angleBl with first foot396. First foot396 has extensions 397 
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extendmg1hereftomthataresimUartocxtenrions297oftool290.Fir^ 
pottion391cthatten«inatesvrfthc«rvedhandle406.Curvedhandle406hasp^^^^^^^ 

403 extending herefrom to engage a latchet bar extending from second arm 392. Arm 
391 hasaverticalextension391bextendingbetween lower portion391aandupper portion 

391c AngIeB2isformedbetweenlowerportion391aandverticalportion391b. Angle 
Bl isformedbetv.eenverticalportion391bandupperportion391c. Vertical portion 391b 
as a region of reduced thickness 399 for comiection with second aim 392. 

Second arm 392 has a lower portion 392a forming angle B 1 with second foot 394. 
Second foot 394 has arecess (not shown) for receiving pin 170 andis similar to recess 293 
of tool 290 described above. Second arm 392 has an upper portion 392c that terminates 
Wi«ihandle405.-Up^erportion392chasratchetbar401withserra.ons4^^^^ 
401 ispivotallycoupledtoann392 and spring-biased towards project.on403. Ratche^bar 
401 is similar toratchetbarSOl.butispreferably curved along its lengflxto accommodate 

the angular offsets in arms 391. 392 while maintaming engagement between ratchet bar 
401 andprojection403. Arm392hasaverticalextension392bextendh^between 
portion392a and upper portion392c. Angle B2isformedbetweenlowerpor.,on392a 
andverticalportion392b. Angle Bl is fom^ed between vertical portion 392b and uj^er 
portion392c. Vertical portion 392b as a slot 395 of receiving reduced «riclc^essporUon 
399 ofverticalportion391b. where first andsecondarmsarepivotdlycoupledvraapm 

'"'^I^especificembodimentofcompressiontool290and390.angJeBl^^ 
120 degrees andangleB2isaboutl50 degrees. However. oflrer angular of&ets m first 
andsecondarmsofcompre.iontoolsl90.290arealsocontemplatedherem 

occur to those skilled in flie art. ^ . ^ 
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anteio-lateial aspects of the vertebrae. Further. whUe the drill guide of flie present 
invention is descnbed with respect to a plate P oriented with slot SL over upper vertebra 
V2 as shovm in nGs. 29 and 30. it is further contemplated the drill guide has application 
with a plate having one or more slots over one of or both of vertebrae VI and V2. 

In FIGs. 23-25. there is a drill guide 500 having a proximal handle 502 coupled to 
a distal guiding portion 504. Drill guide 500 has a distal end 503 that is positioned in slots 
SL of plate F with plate P aUgned over a portion of a bony structure, such as vertebrae VI, 
V2 and V3 as shown in no. 29. Plate P is to be secured to the bone with bone engaging 
fasteners, such as discussed above with respect to bone screw 50; however, any suitable 
bone engagmg fastener is contemplated. Drill guide 500 enables the surgeon to attain fte 
desired orientation and positioning to drill, and if desired or necessary, tap holes through , 
slot SL into the bone into which bone engagmg fasteners are to be inserted to engage the 
plate therewith. 

Guiding portion 504 includes a fust guide member 506 and a second guide 
member 508 interconnected by a comiecting member 510 at proximal ends 507, 509. 
Each guide member 506. 508 has a distal portion 51 1, 513 (FIG. 26) respectively. It 
should be understood that the present invention finther contemplates a guidmg portion that 

includes only one guide member. First guide member 506 includes a passage 520 
extendingalongcentralaxisC2.andsecondguidemember508inchxdesapassage522 

extending along centml axis C3. Passages 520. 522 are configured such that a dnll bit 
„.aybe passed therethrough and gddedtoitsproperpositionand orientation tough pl^^ 

Pand engaged to vertebra V2showninFIG.29. Central axes C2 and C3 are oriented 
such that holes drilled throughguideportions 506. 508 converge in the vertebralbody 
belowpla,ePatanangleEl.Inone^cembodime»it,angleElisl2degreestoonent 
eachholeandfestenerata6degreean0ewithrespectto central axisCl;however.oflrer 
convergence angles El are also contemplated. It is ferther contemplated that guide 
members 506. 508 could be oriented such fluit holes drilled through guide members 506, 

508 diverge below plate P. . 

Handle 502 extendsproximaUy from connectingmember510such that its central 

axis CI is centeredbetweenguidemembers 506. 508. Handle 502 includes a distal 
portion 512 extending from comiecting member 510 that has a central axis C4 formmg 
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angle E2 with axes C2. C3 of guide n.embers 506. 508. A central member 514 extends 
ftomdistalpoitionSlOandhascentralaxisCl fomung angle E3 withaxisC4. A 

nroximalportion 516 having a gripping portion 518 extends from central member 514 and 
Lacentral axis C5fom«ngangleE4 with axisCl.AnglesE2.E3.andE4 offset handle 

502 fiomtheproxhnal endopenings of guide members 506. 508 to provide the surgeon 
clear access for inserting Ihe drill therethrough. In one specific embodhnent of dnll guide 
500. angle E2isl02 degrees, angleES is 58 degrees, and angle E4 is 122 degrees. Mthrs . 

e^bodiment^angleEZprovidesande^eecephaladangleforthedrmedhol^^ 
ispositionedovertheupperver1ebraV2.oral2degreecaudalang.eforthednlledh<^le^ 

fte slotispositionedoveralower vertebra VI. However, it shonldbe understood that 

othervaluesforanglesE2.E3andE4arealsocontemplated. Further embodim^ are 
also contemplated in whichhandle 502 is notoffset from the proximalendopemngsgurde 

members 506, 508. . ci i <ia /^f 

R»femngiH.w<o FIG. 26. tadhe, d.Uils «garfcg the dWal p<»<io» 511. 513 

^ae»=.b»s5«6.50Swin..wbed«cHb«lP.»ag=52«tea„»PP«P«*on^ 

i„clude.,low»po*n520.^»ck«^ft™**.«b».oWp«.^.« 

Up««i..520bi.^.e»ough»«ci™.l«««.ofa=M«.™.« 

pIgl522»-aHyincWes»™«po«i«.522.»dtow»p».».52^ B^5^. 

522.^^.a.dc».s«v.»»c-.c..a,*s»pon».««.ta.P^»» 

508oo»iastaaKlyftoototocortKtot»t.sa*plhstop. 

«d.^to506fc*«,ncl«te.,n*Wyp<rton532«^=x...d.ft^ 

SL (KG, 30.) A ..o.«W.i P<*" 530 .Uo extends .boo. l.«- po«.o. 520b 
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passage 520 and further extends ftom intermediate porHon 528 to distal end 534 of guide 
member 506. Slot engaging portion 530 has a width in the direction of the slot width that 
is less than that of intermediate portion 528. Slot engagmg portion 538 is sized to reside 
in plate slot SL and in contact with the slot sidewalk with distal end 534 in close 
proximity to or in contact wifli fte bone underlying plate P. 

Guide member 508 similarly includes a main body portion 538 that extends from 
proximal end 509 to an intemediate portion 536. Intermediate portion 536 extends about 
lower portion 522b of passage 522 and has a width in the direction of the slot width that is 
less than that of mam body portion 538. Intermediate portion 536 is sized such that it can 
be positioned in a recess extending around the plate slot SL without passing through slot 
SL(FIG.30-.) Aslotengagingportion538alsoextendsaboutlowerportion522bof 
passage 522 and also extends from intermediate portion 536 to the distal end 540 of guide 
n,ember 508. Slot engaging portion 538 has a width in the direction of the slot width that 
is less than that of intermediate portion 536. Slot engaging portion 538 is sized to reside 
in plate slot SL in contact with the slot sidewalls such that distal end 540 is m close 
proximity or in contact with the bone underlying plate P. 

Guide member 506 includes a medial notch 524 formed therein extending 
proximally from distal end 534. Guide member 508 similarly inchides a medial notch 526 
formed therein extending proximally from distal end 540. Medial notches 524. 526 are 
oriented toward one another, andare sizedto accommodate a fastener retaining member 
therebetween, such as the washers for the retaining assemblies described above, so that 
guide members 506. 508 do not interfere with movement of fee washer along plate P. It is 
also contemplated tiutt guide members 506. 508 are provided without notches 524, 526. 

Referring now to FIGs. 27-28, guide memb«r 506 will be fi^ther described. ,t 
beingunderstoodthatguidememberSOSmchidesidenticalfcatures. Guide member 506 
includes an ofeet portion 542. that extends along mteimediate portion 528 and slot 
engagmg portion 530. Offiet portion 542 extends along a side of guide member 508 such 
lhat it is positionableag^eitherflie upper end or the lower end of slot SL when placed 

flxerem. In the mnstrated embodiment ofHGs. 29-30, offsetportion542ispositionedm 
contact with upper end SL2 of slot SL. 
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Offset portion 542 has a contact surface 543 curved in a plane that extends 
partially about passage 520 as shown in ¥IG. 28. As shown in FIG. 27, contact surface 
543 of offset portion 542 is at least partially coplanat with the exterior surface of main 
body portion 532 such fliat contact surface 543 forms an extension of fliis exterior surface. 
Contact surfece 543 defines a curve having an offset center 544 and a radius R3 measured 
ftom offiet center 544. Offset center 544 is located along an axis C5 that extends in the 
direction of the longitudinal axis SLl of slot SL (FIG. 30.) Axis C5 also extends though 
the center 546 of passage 520, intersecting axis C2. Offset center 544 is offset from 
passage center 546 by a distance d3. In one specific embodunent, distance d3 is 0.95 
milliineters and R3 is 2.05 milliiiieters. 

In an example of one specific application of the drill guide of the present invention, 
and with reference to FIGs. 29 and 30, plate P is placed over vertebrae VI, V2 and V3 
with holes HL aligned over vertebra VI and slots SL aUgned over vertebra V2. Holes are 
drilled through holes HL and into vertebra VI using known drill guiding instruments. 
Bone engaging fasteners are inserted through holes HL and into the drilled holes to secure 
plate P to vertebra VI . Drill guide 500 is then placed in slots SL as shown m HGs. 29 and 
30 with contact surface 543 against upper end SL2 of slot SL. Oflset portion 542 spaces 
the adjacent edge of the hole drilled in vertebra V2 from tiie upper end SL2 of each slot 
SL so that a bone engaging fastener inserted therein is spaced a distance d4 from upper 
end SL2. In one specific embodhnent. this offeet distance d4 is about 1.50 millimeters, 
however, offset distances of 1 millimeter more are also contemplated. The holes are then 
drilled through guide members 506. 508 of drill guide 500 using manual or power drilling 
tools. Boneengagingfestenersarethenmsertedthrough slots SLandmto the offsetholes 

drilled in verteibra V2, and are thus spaced a distance d4 from fl»e upper end SU. of slot 
SL. Wifli the opposite end of plate P fixed to vertebra V 1 . and bone engaging fasteners 
of&et in slots SL between its upper and lower ends, the platePallows post-operative 

settling of the spinal columns segment and also accommodates extension of the spinal 
column segment, which is thought to improve the environment for fiision incorporation of 
an interbody device in disc space D2 and/or Dl . Further, the surgeon can either distract 
or compress the spinal column segment as desired since the bone engaging fasteners have 
space to move m eiflier direction in slots SL. 
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While the invention has been fllustrated and described in detail in the drawings 
foregoing description,.fl» same is to be considered as iUustrative and not restrictive in 
character, it being understood that only the preferred embodiment has been shovm and 
described and that all changes and modifications the come within the spirit of the 
invention are desired to be protected. 
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What is claimed is: 

1 . A bone fixation system, comprising: 

a plate having a top and bottom surfece and a central axis extending lon^tudinally 
between a first end and a second end, said plate ha^dng a plurality of openings between 
said top and bottom surfaces, wherein a pair of said openings are first and second slots 
positioned on opposing sides of said central axis, said first and second slots each having a 
width transverse to said central axis and a length extending between first and second ends 
of said slot in the direction of said central axis, said length being greater than said width; 
and 

a drill guide having first and second guide members extending fi:om a handle, said 
first and second guide members each having a passage thereflirough opening at a distal 
end of said corresponding guide member, wherein each of said guide members includes an 
offeet portion adjacent said distal end positionable in a corresponding one of said first and 
second slots against said first end of said corresponding slot, wherein each of said ofEset 
portions is configured to space said first end of said corresponding slot from an adjacent 
edge of a hole formed through said guide member such that a festener inserted into the 
hole through said slot is spaced a distance fiom said first end of said slot 

2. The bone fixation system of claim 1 , wherein each of said first and second 
slots defines a recess adjacent said top surfece of said plate. 

3. Thebonefixationsystemofclaim2,whereineachofsaidguidemembers 
includes an intermediatB portion configured to reside in said recess. 

4. The bone fixation system of claim 1, wherein each of said guide members 
has a slot engaging end extending proximally from said distal end and positionable in said 
corresponding slot in contact with sidewalls of said slot 
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5. The bone fixation system of claim 1 , wherein said plate defines a groove in 
said top smface extending longitudinally along said central axis of said plate, said groove 
overlapping each of said first and second slots. 

6. The bone fixation system of claim 5, wherein each of said guide members 
includes a notched medial sidewall oriented toward said groove when said drill guide is 
positioned on said plate. 

7. The bone fixation system of claim 1 , wherein said first and second slots are 
positioned over an upper vertebrae when said plate is located on the spinal column. 

8. The bone fixation system of claim 1 , wherem: 

each of said guide members includes a main body portion extending from said 
handle towards said distal end, said main body portion having an outer surface extending 
thereabout; and 

said offset portion of each of said guide members has a contact surface 
positionable against said corresponding first end of said slot, said contact surface lying in 
the same plane as and forming an extension of a portion of said outer surface of said main 
body portion. 

9. The bone fixation system of claim 8, wherem each of said guide members 
has a slot engaging portion extending proxfanally from said distal end, an intermediate 
portion extending between said slot engaging portion and said main body portion, said 
main body portion having a first width, said intermediate portion havmg a second widfli 
less than said first width, and said slot engagmg end having a third width less than said 
second width. 



10. Hie bone fixation system of claim 9, wherein said contact surface extends 
along said slot engaging portion and said intennediate portion. 
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11. The bone fixation system of claim 1, wherein said distance is 1 millimeter 
or more. 

12. A drill guide for drilling a hole m a bone through a bone plate having at 
least one slot formed &erethrough for leceivmg a bone engagbg fastener, the slot having 
length and a width transverse to and less than the length, the length extending between 
opposite first and second ends of ttie slot, the drill guide comprising: 

a handle; and 

at least one guide member extending from said handle, said at least one guide 
member having a passage extending between a distal end and a proximal end of said drill 
guide, wherein said at least one guide member includes an oflfeet portion adjacent said 
distal end positionable against the first end of the slot, wherein said offset portion is 
configured to space the first end of the slot firom an adjacent edge of a hole formed 
through said guide member in the bone such that a fastener inserted through the slot mto 
the drilled hole is spaced a distance from tiie first end of the slot. 

13. The drill guide of claim 12, wherein said at least one guide member 
includes first and second guide members extending from said handle. 



14. The drill guide of claim 13, wherem said handle includes: 

a connecting member coupled to proximal ends of said first and second guide 
members; 

a shaft extending proxhnally from said connecting portion; and 
a grippmg portion coupled to a proximal end of said shaft. 

15. The drill guide of claim 13, wherem said second guide member includes a 
passage extendmg between a proximal end and a distal end, each of said first and second 
guide members has a central axis extending ftrough said passage, said central axes 
intersecting at a point distafly of said distal ends and formmg an angle therebetween. 
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16. The drill guide of claim 12, wherein: 

said guide member includes a main body portion extending from said handle 
toward said distal end, said main body portion having an outer surface extending 
hereabout; and 

said offeet portion has a contact surfece positionable against the first eai of the 
slot, said contact surface lying in the same plane as and forming an extension of a portion 
of said outer surface of said main body portion. 

17. The bone fixation system of claim 16, wherein said guide member has a 
slot engaging portion extending proximally from said distal end, an intermediate portion 
extending between said slot engaging portion and said main body portion, said main body 
portion having a first width, said intermediate portion having a second width less flian said 
first width, and said slot engaging end having a third width less than said second width. 

18. The bone fixation system of claim 17, wherein said contact surfiice extends 
along said slot engaging portion and said intermediate portion. 

19. The bone fixation system of claim 12 wherein said distance is 1 millimeter 



or more. 



20. The drill guide of claim 12, wherein said guide member includes a notched 
sidewall. 

21. A me&od for securing aplate to a portion of &e spmal column, the spmal 
column portion inchiding an upper vertebra andalower vertebra, the method comprising: 

providing a plate having a central axis extending between the upper and lower 
vertebra, fee plate including at least one slot extendmg between a top surface and a bottom 
surface of the plate, the slot extending in the direction of the central axis between a first 

end and an opposite second; 

placing the plate on fee spinal colmmi portion with the slot over the upper vertebra; 
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positioning a drill guide on the plate, the drill guide having an offset portion 
positionable in the slot agamst the first end of flie slot; and 

driDing a hole through the drill guide, wherein the offset portion of the drill guide 
spaces file adjacent edge of the drilled hole from the first end of flie slot 

22. The method of claim 2 1 , further comprising: 

inserting a bone engaging fastener in the driUed hole, wherein the bone engaging 
fastener is spaced a distance from the first end of the slot; and 

applying a compression load to the spinal column portion with a compression tool 
to position the bone engaging fastener more towards fiie second end of the slot 

23. The method of claim 21, further comprising: 

inserting a bone engaging fastener into the drilled hole, wherein flie bone engaging 
fastener is spaced a distance from the first end of flie slot; and 

allowing movement of the bone engaging fastener towards the first end of flie slot 
m response to extension of the portion of the spinal column. 

24. The mefliod of claim 23, wherein flie distance is based on a desired amount 
of extension of the portion of the spinal column. 

25. The mefliod of claim 24, wherem flie distance is 1 millimeter or more.. 



26. The mefliod of clahn 21, furflier comprismg fixing flie plate to flie lower 
vertebrae. 
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